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This Force Main Alignment Study (“Report”): 

1. has been prepared by GHD Inc. (“GHD”) for City of Rehoboth Beach, Delaware;  

2. may only be used and relied on by City of Rehoboth Beach, Delaware; 

3. must not be copied to, used by, or relied on by any person other than City of Rehoboth 
Beach, Delaware without the prior written consent of GHD; 

4. may only be used for the purpose outlined. 
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Executive Summary 

Two (2) alternative alignments were evaluated for constructing a force main pipeline from the Rehoboth 
Beach Wastewater Treatment Plant (WWTP) to the Deauville Beach parking area. From the Deauville Beach 
parking area the force main will connect to an ocean outfall, which will be evaluated in a separate document.  
The two (2) alternatives are as follows: (See Figure 1 in Appendix A) 

• Alternative A: Force main from the WWTP, north along the Lewes – Rehoboth canal, crossing 
Rehoboth Avenue into Grove Park, turning northeast in the Henlopen Avenue right-of-way to 
Deauville Beach 

• Alternative B: Force main from the WWTP, north along the Lewes – Rehoboth canal, turning 
northeast within the State Road right-of-way, crossing Rehoboth Avenue at Fifth Street, turning 
northeast in the Columbia Avenue right-of-way, crossing Surf Avenue to Deauville Beach 

A preliminary opinion of capital costs was prepared for each alternative evaluated. Additional costs 
associated with annual operation and maintenance (O&M) for each alternative were also developed. Twenty-
year present worth cost estimates were also developed for the alternatives.  Capital and 20-year present 
worth costs are summarized in Table ES-1.  

Table ES-1 Opinion of 20-Year Present Worth Cost Comparison  

Description Alternative A: 
Force main via 
Canal Street to 
Henlopen Avenue 
2012 ($) 

Alternative B: 
Force main via 
State Road to 
Columbia Avenue 
2012 ($) 

Capital Costs $5,160,000  $5,320,000  

20-year Present Worth and 
Operations and Maintenance 
Costs $10,000  $10,000  

Total $5,170,000  $5,330,000  

 

 

 

 

 

 

. 
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The advantages and disadvantages of each alternative are summarized below: 

Alternative A 

Advantages Disadvantages 

1.  More cost effective to design and construct due to less 
existing utility congestion 

1.  Longer pipeline distance – 100’ 

2.  Wider right-of-way in Henlopen Avenue for traffic 
control and minimal traffic on Canal Road 

2.  Additional historic evaluation  

3.  No commercial property along alignment to be 
impacted by construction activity 

 

 

Alternative B 

Advantages Disadvantages 

1.  Shorter pipeline distance – 100’ 1.  Design and construction of pipeline in the 
proximity of numerous existing utilities 

 2.  Columbia Avenue has a narrow right-of-way 
and is constructed of historic concrete that 
should not be demolished requiring additional 
Horizontal Directional Drilling (HDD) 

 3.  Commercial properties along alignment may 
be impacted with construction activity 

 

The total project cost for the conveyance of treated effluent from the Rehoboth Beach WWTP to the 
connection point with the ocean outfall to be located in the parking area in Deauville Beach ranges from $4.5 
to $5.6 million for the two alternatives.   

Based on the advantages and disadvantages of each alternative and the opinion of probable cost for the 
project, Alternative A is recommended.   
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1. Introduction 

1.1 Background 
The City of Rehoboth Beach owns and operates the Rehoboth Beach Wastewater Treatment Plant (WWTP) 
located within the city limits on Bay Road. The facility treats wastewater from the City and surrounding areas 
of Henlopen Acres, Dewey Beach and North Shores and discharges the treated effluent to the Lewes -
Rehoboth Canal.  In 1993, the Delaware Department of Natural Resources and Environment Control 
(DNREC) issued a new National Pollutant Discharge Elimination System (NPDES) permit requiring 
Biological Nutrient Removal (BNR) at the WWTP.  These upgrades were completed in two phases, in 1994 
and 1997, to reduce the nitrogen and phosphorus discharge as required by the permit. 

In 1998, a Total Maximum Daily Load (TMDL) was issued for the Indian River and the Rehoboth Bay 
requiring “all point source discharges which are currently discharging into the Indian River, Indian River Bay, 
and Rehoboth Bay and their tributaries shall be eliminated systematically.”   

In 2005, the terms of a consent order, which addressed the TMDL were finalized and a revised discharge 
permit for the WWTP was issued.  The consent order establishes a firm date of December 31, 2014 for the 
discharge to be eliminated from the Lewes-Rehoboth Canal and the new disposal method to be fully 
operational. 

A study was completed in 2005, which evaluated four alternatives for the disposal of treated effluent:  

 Land application 

 Rapid infiltration beds 

 Groundwater injection 

 Ocean Outfall 

Land application was eliminated after an extensive two year land search could not locate sufficient property 
to be used for the spray sites within a reasonable distance from the WWTP. 

Rapid Infiltration Beds were eliminated due to potential problems with groundwater mounding and nitrogen 
migration to the Inland Bays. 

Groundwater injection was eliminated due to regulator issues, cost and high level of risk associated with 
these technologies. 

The Ocean Outfall was identified as the most cost-effective and technically feasible alternative. 

A series of public meetings were held in 2007 to explain the results of the study and to solicit feedback.  
During this time several private utility companies contacted the City and expressed an interest in providing 
wastewater treatment and disposal service using land application.  After completing a Request for Proposal 
(RFP) process, one proposal was received.  This proposal was eliminated due to several issues, the most 
significant being: 

 Uncertainty regarding future total cost. 



 
 

4 

 

8614327.06     Rehoboth Beach Force Main Alignment Study 

 Only conceptual cost estimates for expansion of land application site. 

 A user fee based on a guaranteed 2.0 million gallons per day (mgd). 

 Unknown cost sharing terms and conditions. 

Thus the Ocean Outfall method of disposal remained as the most feasible solution to removing the point 
source discharge from the Lewes-Rehoboth Canal.  Additional details regarding this study can be found in 
the 2009 Rehoboth Beach Wastewater Treatment Plant Alternative Discharge Cost Evaluation. 

1.2 Objectives 
This report focuses on the evaluation of alternative alignments for constructing a force main from the WWTP 
to the Deauville Beach parking area.  From this point, the force main will connect to the ocean portion of the 
outfall, which will flow to a diffuser approximately 6,000’ offshore.   The main objectives of this study are as 
follows: 

1. Description of the alternate alignments to access the Deauville Beach parking area. 

2. Determine cost to construct the alignments. 

3. Present a planning level capital cost estimate, Operations and Maintenance (O&M) cost estimate and a 
Twenty-year present worth cost analysis for the above options.  
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2. Discussion of Alternatives  

2.1 Introduction 
Two alternatives (Alternatives A and B) to convey effluent from the Rehoboth Beach WWTP to Deauville 
Beach parking area property were investigated.  Each alternative involves a pumping station and force main. 
The pumping station will be located at the site of the existing Rehoboth Beach WWTP.   The pump station is 
not part of this report and will be evaluated in a separate facility plan. 

Both alternatives will be constructed north approximately 3,640’ from the WWTP, along Bay Road, running 
parallel to the Lewes – Rehoboth Canal.  See Figure 1.  The force main will proceed under the Highway One 
overpass to the intersection at State Road.  

At this point, Alternative A will continue north approximately 860’, passing to the west of the Park Place on 
the Canal property within an approximately 20’ wide section of land at the top of the canal bank, within the 
Army Corps of Engineers jurisdiction.  On the north side of the Park Place property, the pipeline will continue 
north approximately 700’ within the Canal Street right-of-way to the Rehoboth Avenue intersection.  The 
alignment will continue under Rehoboth Avenue, west of the Rehoboth Beach Museum into Grove Park 
turning northeast into Henlopen Avenue near the Grove Road intersection approximately 800’.  The 
alignment will then remain within the Henlopen Avenue right-of-way for approximately 5,400’ to the 
connection point with the ocean outfall section of the pipeline within the Deauville Beach parking area.  
Alternative A is approximately 11,400’. 

Starting at the intersection of Bay Road and State Road, Alternative B will continue northeast along State 
Road approximately 2,260’ to the intersection with Fifth Street.  Turning north on Fifth Street approximately 
800’ under Rehoboth Avenue, the alignment will then turn northeast into Columbia Avenue.  The alignment 
will proceed approximately 3,900’ within the Columbia Avenue right-of-way to the intersection Surf Avenue.  
The alignment will continue north approximately 700’ to the connection point with the ocean outfall section of 
the pipeline within the Deauville Beach parking area.  Alternative B is approximately 11,300’.   

2.2 Pump Station at Rehoboth Beach WWTP Site 
The pumping station at the Rehoboth Beach WWTP will be designed to convey treated effluent to the 
diffuser point approximately 6,000’ offshore of the Deauville Beach parking area, making the force main 
approximately 17,400’.  Recently collected field data and preliminary modeling of the effluent plume indicate 
that a Y-type diffuser may not provide the most effective mixing of the effluent with ocean water.  Because of 
the predominately linear, north/south current flows at the location of the diffuser, a Y-type configuration 
presents the potential for the two independent plumes to combine and thereby decrease the dilution.  The 
diffuser design is being optimized as part of the modeling effort to characterize the near-field and far-field 
dilution.  Several alternative designs are being considered, but it is anticipated that a straight line linear 
diffuser will provide the most effective mixing.   

The water depth at the diffuser location is approximately 40’. 
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It is proposed to install the effluent pumps in the existing post 
aeration tanks of the WWTP (See Figure 2).  The pumps will be 
vertical turbine pumps, and sized to pump from the minimum to 
the peak flow with the largest pump out of service.  Design of 
the pump station will take place concurrently with the force 
main design. 

2.3 Common Alignment between Alternatives A 
and B 

The Rehoboth Beach WWTP was constructed on a former 
landfill.  Due to the potential for settling of the soil on the 
WWTP site, all structures and yard piping must be installed on 
piles.  To avoid the congested area of yard piping that exists in 
the access road on site, 

the alignment will be 
constructed along the 
fence line to the west of 
the Waste Activated 

Sludge (WAS) holding tanks and Diversion Tanks (See Figure 2). 
There is currently one (1) tree that has grown between the fence and 
the tanks that will be removed, Photo 1.  Upon exiting the WWTP, piles 
to support the pipe are not anticipated to be required.  Geotechnical 
testing along the alignment will be performed to determine the loading 
capacity of the soils.  The alignment will be located within the pavement 
of Bay Road running north, parallel to the four existing force mains that 
flow into the WWTP.  The alignment will remain in Bay Road right-of-
way(R-O-W), under the Highway One overpass, Photo 2, to the 
intersection with State Road.  This entire section is anticipated to be 
open cut construction. 

 

 

 

 

 

 

Photo 1 Fenceline West of WAS 
Holding Tanks 

Photo 2 Bay Road R-O-W Under 
Highway 1 Overpass 
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2.4 Alternative A:  Force Main Routed along the Lewes – Rehoboth Canal and within 
the Henlopen Avenue Right-of-Way 

Alternative A will continue running parallel to the Lewes – 
Rehoboth Canal within the Army Corps of Engineers right-of-
way in the 20’ wide  area between the top of the canal bank and 
the Park Place on the Canal property.   

 

As shown in Photo 3, small diameter evergreen trees are 
planted along the property line.  In an effort to reduce the 
construction impact to the Park Place residents, HDD 
construction is anticipated in this section.  

 

 

 

 

 

North of the Park Place property, Photo 4, the alignment will 
either return to the road right-of-way of Canal Street or remain 
in the Corps right-of-way, depending on the congestion of 
existing utilities.   

 

The proposed force main will run parallel to the 
existing utilities and avoid any impacts to the 
existing trees along the road, Photo 5.  The 
method of construction in this area will depend 
on the location of the existing utilities and trees.   

Photo 3 Park Place on the Canal 

Photo 4 North of Park Place on the Canal 
Property 

Photo 5 Canal Street  
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To avoid traffic delays on Rehoboth Avenue, Photo 6, 
and potential damage to trees in Grove Park, it is 
anticipated that this section of the alignment would be 
installed by Horizontal Directional Drilling (HDD).  This 
portion of the alignment is also in the Army Corps of 
Engineers right-of-way, running parallel to the 
Henlopen Acres force main just to the west of the 
Rehoboth Beach Museum.  Upon entering Grove 
Park, Photo 7, the alignment turns northeast to 
continue to Henlopen Avenue.  The HDD section from 
the north side of Grove Park to the south side of Park 
Place on the Canal is approximately 2,400’. 

 

 

Returning to open cut construction and staying within 
the Henlopen Avenue right-of-way, Photo 8, the 
alignment will run approximately 5,400’ to the 
connection point with the ocean outfall section of the 
pipeline within the Deauville Beach parking area. 

 

 

 

 

 

Alternative A has multiple construction benefits, including: 

 Less congestion with existing underground utilities 

 Less bends in the alignment 

 Henlopen Avenue is a wider right-of-way 

 Less traffic on Canal Street and Henlopen Avenue 

See Chapter 3 for detailed opinion of construction cost. 

Photo 6 Canal Street - Rehoboth Avenue 
Intersection 

Photo 7 North of Rehoboth Beach Museum, 
Entering Grove Park 

Photo 8 Henlopen Avenue Looking 
Northeast 
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2.5 Alternative B: Force Main routed along State Road to Fifth Street to Columbia 
Avenue 

Alternative B turns northeast staying within the State Road right-of-way 
and avoiding the numerous existing utilities, photo 9.    

 

This alignment will then 
turn north and will be 
installed by HDD under 
Rehoboth Avenue within 
the Fifth Street right-of-
way, photo 10. The 
alignment will resume 
open cut construction and 
continue north to the 
intersection of Fifth Street 
and Columbia Avenue.  

 

At the intersection, the 
alignment will turn northeast within the Columbia Avenue right-of-way.  
Columbia Avenue is constructed of historic concrete pavement.  Because the roadway itself is likely to be 
eligible for listing to the National Register, it is anticipated that 3,900’ of pipe construction would be installed 
by HDD. 

At the intersection with Surf Avenue, the alignment will continue north 
approximately 700’ to the connection point with the ocean outfall section of 
the pipeline within the Deauville Beach parking area.   

Alternative B has multiple disadvantages, including: 

 Numerous existing underground utilities to avoid 

 Additional bends in the alignment creating additional minor losses 

 Historic concrete in Columbia Avenue disturbance 

 Columbia Avenue is a narrow right-of-way 

 Construction impact on the commercial zone possibly creating an 
negative economic impact 

 Higher traffic on Columbia Avenue causing additional traffic delays 

 Longer section of HDD required thereby increasing construction cost 

See Chapter 3 for detailed opinion of construction cost. 

Photo 10 Rehoboth Avenue / Fifth Street 
Intersection Photo 9 State Road Looking 

Northeast 

Photo 11 Columbia Ave 
Looking Northeast 
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2.6 Force Main Design Criteria 
The determination of the force main size is primarily a function of the flow rate. The WWTP is designed for a 
maximum daily flow rate of 7.2 mgd.  The proposed force main will be approximately 3.2 miles long and 
constructed with Polyvinyl chloride (PVC) and Fusible Polyvinyl chloride (FPVC).  The PVC will be installed 
in the open cut construction areas and the FPVC for the HDD.  PVC and FPVC have an estimated life span 
of 100 years.  The force main has been sized to 24” nominal diameter for this study.  During final design a 
more detailed analysis of the pipe size will be completed. 

2.7 Historic Preservation Considerations 
A desktop review and site visit has been performed by DNREC’s Division of Parks and Recreation, Cultural 
Heritage Section.  If Alternative A is selected, a limited archaeological survey is required along open cut 
portions of the alignment in the following areas: 

 Behind Park Place on the Canal (approximately 600’) 

 Along Canal Street (approximately 600’) 

 In Grove Park (approximately 100’) 

The results of the limited archaeological survey, will allow DNREC to determine if further archaeological 
study is necessary.  Soils testing will be required in the vicinity of the proposed drill pit located at Deauville 
Beach for either alternative to confirm that there are no intact Holocene period landscapes between the 
beach and the Pre-Holocene escarpment at the end of Surf Drive. 

Due to the historic concrete pavement in Columbia Avenue, pipeline installation for Alternative B has been 
recommended by the Cultural Heritage Section to utilize HDD as a way of minimizing disturbance to this 
pavement. 

Archaeological consulting firms have been contacted for proposals to conduct the background assessment 
of the soils and review the existing site information. 

See Appendix B for Historic Preservation correspondence. 

2.8 Environmental Considerations 
A desktop review has been requested and performed by DNREC’s Division of Fish and Wildlife and Division 
of Water Resources Wetlands Division.    The Division of Fish and Wildlife has “no records of state-rare or 
federally listed plants, animals or natural communities within this portion of the alignment that would be 
impacted by this project.” 

The Division of Water Resources has no state regulated wetlands along the alignments but awaits 
confirmation from a field evaluation.  The U.S. Army Corps of Engineers has requested the alignment be 
reviewed by an environmental consultant to confirm that the alignment does not cross any State-regulated 
subaqueous lands.  An environmental consultant has evaluated the recommended alignment and found no 
Federal 404 wetlands along the proposed route.   

See Appendix C for Environmental Review correspondence. 
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2.9 Floodplain Considerations 
The Flood Insurance Rate Map (FIRM) 10005C0355J for Sussex County Delaware dated January 6, 2005 
depicts approximately 2,000’ of the proposed force main to be constructed in a Zone ‘X’ floodplain in the 
area of the WWTP and Bay Road accessing the facility on the southern end of the alignment.  Zone X 
represents area that is outside of the 100-year flood but within the 500-year flood. 

On the same FIRM, the northern end of the alignment in the area of the Deauville parking area, the proposed 
alignment is shown within Zone AE.  This area is within the 100-year flood. 

For both alternatives, the proposed construction of the underground pipline, all excess spoils will be trucked 
off-site to an approved spoils site located outside of the 100-year floodplain and will therefore not impact the 
floodplain. 

See Appendix D for Flood Insurance Rate Maps. 

2.10 Noise Considerations 
After construction, there will not be any noise associated with the pipeline, regardless of which alignment is 
selected.  During construction, there will be typical construction noises associated with trucks and excavation 
equipment.  To mitigate these disturbances, construction activity is scheduled to take place during non-peak 
season times of the year and then only during normal business hours.  
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3. Engineer’s Opinion of Costs 

3.1 Introduction and Assumptions 
Preliminary cost estimates were developed for the two alternatives alignments evaluated for the design and 
construction of the force main from the Rehoboth Beach WWTP to Deauville Beach parking area. Capital 
cost estimates, operations and maintenance (O&M) cost estimates and 20-year present worth analyses were 
developed for both alternatives. Capital cost estimates are shown in Section 3.2, operations and 
maintenance cost estimates are shown in Section 3.3 and 20-year present worth analyses are shown in 
Section 3.4.  

For preparation of capital cost estimates the following criteria were used: 

 For Alternatives A & B, a 30 percent contingency was included with all construction costs.  

 All costs are presented in 2011 US dollars. The construction cost estimate will be updated prior to 
bidding to reflect the impact of inflation and observation of bid prices on similar size projects in the area.  

 Contractor general conditions were assumed to be 10 percent of the construction subtotal. 

 Contractor overhead costs were assumed to be 10 percent of the construction subtotal. 

 Contractor profit was assumed to be 10 percent of the construction subtotal. 

 Project costs associated with administration, legal, engineering and construction management services 
was accounted for in a 25 percent adder to the total construction cost.  

 Cost for dewatering during construction due to high groundwater was not included for any cost 
alternative. 

 Contingency of 30% added to capital cost. 

Table 1 summarizes the unit prices that were used for determining the capital cost estimates from calculated 
material quantities. Table 2 summarizes the installed force main unit costs used for Alternatives A and B.  

Table 1 Construction Unit Price Estimates 

Element Unit Cost 

Trench Excavation $ 6.75/CY 

Backfill & Compacting $ 55/CY 

Hauling $ 4/CY 

Bedding $ 26.75/CY 
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Table 2 Force Main Unit Costs, Alternatives A and B 

Element Unit Cost 

24-in PVC, Open cut, No Pavement $125/LF 

24-in PVC, Open cut, Pavement  $150/LF 

24-in FPVC, Horz. Directional Drill $300/LF 

Air Release Valves & Vaults $30,000/Each 

Traffic Control $1,500/Day 

Daily Production, Open cut 200’/Day 

Daily Production, Directional Drill 100’/Day 

For preparation of the present worth costs the following criteria were used: 

 All equipment was assumed to be online and operating by 2012 for both Alternatives. 

 The duration of the present worth analysis used is 20 years, which equates to an end year of 2032.  

 The interest rate for present worth calculations was assumed to be 3 percent and the discount rate was 
assumed to be 6 percent.  

3.2 Capital Costs 
Opinion of capital costs for both alternatives is summarized on Table 3.
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Table 3 Opinion of Capital Costs 

Description 

Alternative A:  Force 
main via Canal Street 
to Henlopen Avenue 
2012 ($) 

Alternative B: Force 
main via State Road 
to Columbia Avenue 
2012 ($) 

Open Cut 24” Force main from WWTP to State Road 
Intersection  $1,100,000  $1,100,000  

Combination Open Cut & Horz. Directional Drill 24” Force main 
from State Road Intersection to Deauville Beach $2,230,000       $2,330,000  

Subtotal $3,330,000  $3,430,000  

Contingency (30%) $1,000,000 $1,030,000 

Legal, Administration, Planning and Engineering (25%) $830,000  $860,000  

Estimated Project Cost $5,160,000  $5,320,000  

See Appendix E for Engineer’s Opinion of Probable Construction Cost. 

3.3 Operations and Maintenance Opinion of Costs 
Operations and maintenance opinion of costs for both alternatives are summarized in Table 4. 

Table 4 Opinion of Operations and Maintenance Costs 

Description 

Alternative A:  
Force main via 
Canal Street to 
Henlopen Ave 
2012 ($)(1) 

Alternative B: 
Force main via  
State Road to 
Columbia Ave  
2012 ($)(1) 

Annual Operations Cost (2)  $ -  $ - 
Annual Maintenance Cost  $500   $500  
Total  $500   $500  

Notes: 
1. The Maintenance Cost is based on the quarterly inspection of the force main by public works.  
2. Operating costs are associated with the pump station that is not included in this analysis. 
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3.4 Twenty-year Present Worth Life Cycle Cost Estimates 
20-year present worth costs for both alternatives are summarized in Table 5. 

Table 5 Opinion of 20-year Present Worth Costs 

Description 

Alternative A: 
Force main via 
Canal Street to 
Henlopen Ave 
2012 ($) 

Alternative B: 
Force main via 
State Road to 
Columbia Ave 
2012 ($) 

Capital Costs  $5,160,000   $5,320,000  
20-year PW O&M Costs  $10,000   $10,000  
Total  $5,170,000   $5,330,000  

3.5 Summary of Opinion of Costs 
Alternative A, is the more economical of the two options.  
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4. Conclusions  

The conclusions for the Rehoboth Beach WWTP force main evaluation are based on the force main 
alternatives discussed in Chapter 2.  

4.1 Alternatives A and B: Force Main from WWTP to Deauville Beach 
Two (2) routing alternatives were presented for the force main.  Both alternatives will follow the same 
alignment for the first 3,640’ from the WWTP, to the intersection of State Road and Bay Road. 

Alternative A, continues to run parallel to the Lewes – Rehoboth Canal, crosses Rehoboth Avenue into 
Grove Park and follows Henlopen Avenue to the Deauville Beach parking area.  

Alternative B will proceed northeast in State Road, cross Rehoboth Avenue and go north on Fifth Street, turn 
northeast on Columbia Avenue, cross Surf Avenue to the Deauville Beach parking area. 

4.2 Conclusion 
The advantages and disadvantages of each alternative are summarized below: 

Alternative A 

Advantages Disadvantages 

1.  More cost effective to design and construct due to less 
existing utility congestion 

1.  Longer pipeline distance – 100’ 

2.  Wider right-of-way in Henlopen Avenue for traffic 
control and minimal traffic on Canal Road 

2.  Additional historic evaluation 

3.  No commercial property along alignment to impact   

Alternative B 

Advantages Disadvantages 

1.  Shorter pipeline distance – 100’ 1.  Design and construction of pipeline in the 
proximity of numerous existing utilities 

 2.  Columbia Avenue has a narrow right-of-way 
and is constructed of historic concrete that 
should not be demolished requiring additional 
HDD 

 3.  Many commercial properties to impact with 
construction 
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Based on the advantages and disadvantages of each alternative and the opinion of probable cost for the 
project, Alternative A is recommended.   
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Appendix A 

Force Main Alignment Figures 1 & 2 
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Appendix B 

Historic Preservation Correspondence 
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Appendix C 

Environmental Review Correspondence 
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Appendix D 

Flood Insurance Rate Map 
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Appendix E 

Opinion of Probable Construction Cost 
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